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INTRODUCTORY 

Th«  bttic  dtt»  for  this  .-.  Jh  uave  been  Mlected  only  from  those  reloting 
to  t.  electric  power  ttationi  4  ow  coal  for  fael  and  which  vac  it  entirtlj 
for  generating  steam. 

Spedali  ^ort  has  been  made  to  eliminate  all  factors  which  would  in  anj  wise 
be  irrdevant  to  the  purpose  in  hand.  Thus,  all  stations  which,  in  part,  use.  wood, 
oil  or  fuel  other  tlum  coal  for  steam  generation;  stations  using  producer  gwi;  or 
those  employed  for  standby  or  auxiliary  purposes  in  connection  with  the  production 
of  power  by  other  means,  etc.,  have  bwn  disregarded. 

A  circular  letter,  accompanied  by  a  list  (  .  q'aestions  covering  matters  bearing 
on  the  subject,  was  sent  to  a  number  of  cen!3«I  stations  throughout  Canada  and 
the  TTnited  States,  these  being  chosen  with  due  "egard  to  the  restrietio.-.s  mentioned 
in  the  Appendix. 

As  a  result  of  these  enquiries  particuia  were  received  from  73  stations, 
fifty  per  cent,  of  the  replies  being  from  representative  stations  ranging  in  capacity 
from  ISO  k.w.  to  160,0(K}  k.w.  and  containing  all  detailf  necesc-xry  for  the  purposes 
of  this  research. 

These  replies  have  all  been  carefully  tabulated  in  the  accompanying  sheets, 
most  of  the  figures  being  averages,  for  the  past  five  years,  and  the  avetage  figures 
for  difFerrmt  sizes  cf  stations  have  been  deduced  therefrom. 

It  vnll  be  noted  that  the  tables  divide  the  various  stations  into  "classes" 
"A"  to  "F"  incluHire.  These  aie  purely  arbitrary  divisions  made  for  con- 
venience and  pre  as  follows: — 

Table    I  Class  A— Inolades  stations  ap  to  1,000'K.W.  Capacity. 


II 
III 
IV 

V 
VI 


B— 
C- 
D— 
E- 
F- 


fnm    1,001  to     6.000  K.W.  Capacity 
6.001  to    10,000    " 

"    10.001  to    60,000    " 

"    50.001  to  100,000    " 
above  100.000  K.W.  capocitr. 


Table  VII  summarizes  the  average  figures  for  the  various  "  classes "  and  Table 
VIII  gives  averajres  for  groups  of  "classes,"  e.g.,  the  first  (horizontal)  row  of 
figures  gives  averages  for  stations  in  classes  A  and  B,  the  secoiul  row  gives  them 
for  classes  A,  B,  and  C  and  so  on. 

In  addition  to  the  tables  a  curve  sheet.  No.  ISO&OO,  hp  ton  prepared,  to 
accompany  thih  report,  which  shows  the  relation  of  a  i^amber  of  factors  t& 
station  capacity. 


The  arenge  figunt  nude  lue  of  btre  thenfon  been  conpilad  from  Tukai 
•tatioiu  and  cortr  nrenl  jmh  of  opontkm  u  ii  dtomi  «lov}— 


OlftM 

No.  of 

SUtiOM 

N&n  Yoon 
Qpn%tkn 

'SUtiOB   T«M> 

of  OpomtlM 

of8teSBK.W. 

"  A  " 

* 

1 

• 

14 
47 

49 

\ 
80 

6 
5 

«M 

•^B": 

"  C  " 

7m 

84,000 
M  MO 

"  D  "  .; 

•■  K" ; 

-  F" 

14»,N0 

Thus  the  figuren  are,  iu  effect,  bued  on  the  operation  of  the  ▼ariooa  sises  of 
•tatiow  given  in  thr  Sth  eolamn  of  the  above  table  over  the  periods  of  tinw 
given  in  the  4th  column,  and  as  all  the  periods  of  operation  are  quite  recent, 
it  will  be  8e«jn  that  the  data  use^l  constitute  a  very  fair  basii>  to  work  upon. 

Technical  Data 
(•)  Central   Stations. 

The  averages  of  tlie  more  important  itemti  iu  Tfll)!^!  I  to  VI  for  tlie  various 
"classes"  of  stations,  are  as  fcdlowa: — 


Avarac*  Fif  urM 

par  "  class  " 

SUtion  Capocitjr 

K.W.      H.P. 

( 

cool 

Load 
Factor 

V 

Claao 

Lbe.  par 

Tons  per 

B.T.U. 

Eff. 

K.W.H. 

H.P.H. 

K.W.Y. 

H.P.Y. 

« 

A 

6M 

2.980 

7.280 

24,600 

96,000 

149,000 

870 
4,000 

9,700 

38.000 

128,800 

190,600 

7.65 
4.80 
4.07 
2.91 
2.01 
1.92 

5.70 
3.20 
3.04 
2.17 

1.48 

84.60      25.10 

19.00      14.00 

17.80      18.30 

,12.75        9.52 

8.80        6.67 

8.40        6.26 

12,500 
12,900 
^1,900 
13.600 
14.000 
13.500 

29.8 
84.2 
31.7 
86.0 
36.9 
44.7 

B 

C 

E 

r     

12.1 
18.1 

AUCIssaes 

46,340 

62,600 

3.81 

2.84 

16.90       12.46 

13.600 

35.6 

8.4 

In  the  foregoing  table,  "  efliciency  cent."  is  the  percentage  of  the  efficiency 
of  conversion  of  heat  energy  in  the  coal  to  electric  cn>>rgy  at  the  switchboard. 

The  B.T.U.  per  pound  of  coal  as  given  in  this  table  have  been  calculated  by 
diking  the  B.T.U.  for  each  station,  as  given  in  tables  I  to  VI,  multiplying  these 
wiiues  by  the  average  pound,  of  coal  used  per  annum  by  each  station,  and  dividing 


tbrtttin.pf  M^  prodijicti  {hni>  ubtaiiiMl  liy  the  total  pounds  of  i-oal  used,  per 
MAHI^,  by  (11  th«  itatibiiaiii  the  clut.  The  rctiultiug  figuret,  while  ttiey  tpproxi-^ 
mate  thoM  vjiich  would  he  obtained  by  Miniply  talcing  the  average*  of,-the  B.T.F: 
at  th*  flgnnf  >tand  in  the  culuma*,  are  yet  mfn)  ''>ntly  different  to  warrant  the 
employment  of  the  more  arourate  method. 

In  making  ettimatex.  the  uxe  of  a  (hwI  of  higher  or  lower  calorific  value 
per  pound  \n  any  jrivcii  .>tuti<in  would  of  couriH-  alter  the  coal  <-onramption  per 
Ic.w.h.  in  a  curr(>i>|N>ii(liii};  nminicr  and  it  in  for  thi*  ri  anon  that  thcM*  R.T.U. 
value*  have  Ihwii  gi^-en. 

PortioBii  of  Table  VHI  may  with  a(lvHnta;n'  Ih'  iii-^rteil  here  hIh«i: — 


Station  Capaoiir                   .  1 .  ^ 

Coal 
1       Toiw  per 

B.T.U. 
per 
lb. 

■ 

Load 
rWctor 

Claaaaa 

1        Lb*,  per 

Eir. 

K.W.       H.P.    IK.W.H. 

1              i 

H.P.H. 

K.W.Y.'  H.KY. 

1              ' 

% 

A  *  B.... 

1.820 

2, 449 

3.B7 

4.4S 

M.ao 

19.6B 

12.800 

31.3 

4.}» 

A  to  C... 

3,620 

4,aM 

3.H4 

3.98 

28.80 

17.47 

12.2S0  : 

31.7 

5.6 

A  to  D.... 

8.1170 

II. CM 

4.73 

8.53 

21.04 

16.48 

18.,    • 

32.8 

«.3 

A  'o  r... 

48,740 

62.090 

3.81 

2.84 

1«.W 

12.46 

13.600  i 

SS.6 

8.4 

The!>c  figures  will  Ite  useful  in  conHideriiig  ^.Tuups  of  statioiM,  tlic  Average 
eapacitieii  of  which  are  of  the  order  of  tho^e  given  in  the  table;  variations  of 
such  average  caiiac-itics  from  those  given  may  thea  be  allowed  for  (plus  or  minus) 
by  eonBulting  Tabl"  W\,  which  give*  the  highet't  and  lowcot  of  the  figures  from 
which  tlie  averages  in  Tabic  VTII  have  been  derivc«l. 

Turning  now  to  conditions  at*  they  e.xist  in  Canada,  it  i«  found  (from  MctJrawV 
Central  Station  List — 1!»17)  that  the  average  capacities  of  ftteam  driven  Central 
Stations  using  <^>al  in  this  country,  arc  approximately  as  follows: — 


Averaae 


ToUl 


AlberU 1675  K.W. 

British  Columbia     960      " 

Manitoba '  lUOO      " 

New  Brunswick . .     570      ' ' 
Nova  Scotia 670 


21775 

k.w. 

6695 

" 

84S5 

•• 

4320 

•• 

11390 

*  • 

Averaae 


Total 


Ontario 

Prince  Edward  Island 


136K.W.I    4080  K.W. 
360     "     :      700      " 


Quebec 1670 

.Saskatchewan 1870 


8860 


17800 
16860 


92225 


Arerase 1000    ' '  for  all  Canada 


From  Table  VIII  it  will  be  observed  that  for  station*  in  capacities  up  to 
1,800  k.w.  the  average  load  factor  is  31.3  per  cent.  «o  that  30  per  («nt.  ft.  a 
1,000  k.w.  station  will  be  a  fair  figure  tu  take  in  round  numbers.  The  rate  of 
coal  consumption  of  an  1.800  k.w.  station  will,  as  mav  be  seen  from  the  same 


teUe,  tvenge  80  tou  per  h.p.  j«ar  ind  fot  ■  660  k.w.  ttetion  (•••  TtikTU) 
awngM  SS  tona  per  h.p.  year— on  thii  bHis  a  1,000  k.w.  itatkn  nill  «*nitt 
a  rate  of  aboat  SS  ton*  per  h.p.  year. 

(ft)  Indofltrial  PUnts. 

'  Th«  Hjdro-EIectric  Power  CommiMion  of  Ontario  condncted  an  inTettigation 
lait  year  rq;arding  the  indiutrial  steam  plants  in  nee  in  the  Niagara  Diatriet  and 
compiled  a,  list  of  a  large  number  of  these,  giving  varioos  details  respecting  them. 
IVom  this  list,  those  plants  vere  chosen  which,  so  far  as  the  reowda  show,  use 
coal  exdnsiTely  and  use  it  for  power  only  (otiier  plants  nse  large  quantities  of 
refuse  and  some  employ  steam  for  heating,  etc.) ;  these  constituted  a  large  pro- 
portion of  the  total  number  and  amounted  to  135  actual  plants  selected. 

Averaging  the  plant  c<q>acities  in  h.p.,  the  tons  of  coal  tised  per  annum, 
and  the  nnml^  of  hours  during  which  the  plants  operate  per  day,  the  following 
figures  were  obtained: — 

Averages  of  135  industrial  steam  plants: — 


H.P. 


Tonsooal  ased 
per  jrear 


Oailj  honrs  of 
opention 


1,880 


18.75 


The  hours  of  operation  are  undoubtedly  too  high  for  normal  times  as  most 
factories  are  working  overtime  and  many  operate  24  hours  per  day. 

According  to  the  "  Postal  Census  of  Manufactures  "  covering  the  year  1916 
(page  XIV)  "  each  manufacturing  establishment  in  Canada  worked  full  time 
222  days "  and  part  time  for  19  days,  "'  the  average  shift  consists  of  9.2  hours.'" 
From  this  it  may  be  assumed  that  a  fair  average  figure  would  be  9.2  X  222  +. 
5  X  19  =  2,140  or,  say,  2,500  hours  per  annum.  At  75  per  cent  hourly  load 
factor,  which  is  a  reasonable  figure  to  take  for  such  plants  and  is  the  same  as 
that  used  in  the  1903  report  of  the  Ontario  Power  Commission,  the  rate  of 

1830  X  2000 
coal  consumption  per  h.p.  hour  'works  out  ^^260  x  JA  x  2600~'^'^  pounds.    For 

s  .^.    •         •    1    XX      7.5x8760 
continuous  operation  (8,760  hours  per  annum)  this  is  equivalent  to     — ^^ — 

=33.0  tons  per  h.p.  year — this  gives  a  figure  comparable  with  those  in  the  tables 
accompanying  the  present  report  and  represents  a  yearly  load  factor  of  28.5  per 
cent.,  say  30  per  cent,  in  round  figures.  In  Canada  the  combined  capacity  of  all 
steam  driven  electric  generating  stations  is  close  to  100,000  k.w.  (134,000  h.p.). 
See  table  above. 

Dr.  Haanel  of  the  Bureau  of  Mines,  Ottawa,  in  a  paper  recently  read  before 
the  Canadian  Society  of  Civil  Engineers  estimated  that  "7,000,000  tons  were 
probably  required  for  the  purpose  of  generating  power" — this  was  in  speaking 
of  the  total  fuel  requirements  of  the  countrj-  during  1916. 

On  the  basis  of  33  tons  per  h.p.  year  the  above  quantity  would  sufiBce  for 
210,000  h.p.  but  this  is  for  8,760  hours  operation ;  for  an  averacj  of  2,500  hours 
the  h.p.  would  be  ,tH  X  210,000  =  735,000  h.p.,  or  say  in  round  numbers 
750,000  li.p. 
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General  Goaelus'oas 

fffl— ming  up  tlM  fongoing  ocmdiiuoiu  nguding  load  fscton,  etc.,  it  «ppwn 
that  the  tTeng*  jtuij  load  factor  for  Canadian  C  >ntral  Station*  deriTing  thair 
«BeiK7  from  coal  tbiwigh  the  mediiun  of  tteam,  ix  30  per  cent.,  wM«  that  of 
the  faetoriei  it  approximately  the  iCme;  the  rate  of  coal  connmipt  \  per  h.p. 
year  of  tiie  former  it  23  tons  and  that  of  the  Utt^  is  3')  tons;  thei  phuit  ciqiacity 
<rf  the  former  ii  134,000  h.p.,  and  that  of  the  latter  is  ?50,000  h.p.  The  average 
rate  of  coal  oonramption  works  oat  to  nearly  32  tons  per  h.p.  year,  so  that  30  tons 
per  h-p.  yeir  will  serve  very  well  as  a  round  figure  for  genertl  estimating  purposes 
and  is  low  rather  than  high. 

For  cooTcnience  it  will  be  well  to  give  this  figure  in  various  forms,  thus: — 
Approximate  average  rata  of  coal  consumption  in  Canada  ior  power  purposes, 
^ling  steam  as  a  medinr>. 


Lbs.  per 

Tau  per 

K.W.H. 

KPJL 

K.W.Y. 

H.P.Y. 

9.2 

>i.a 

40 

80 

Coal  Equivalent  of  the  Electric  Energy  Annually  Exported  by  Canada 

(a)  Estimates  based  on  this  Bvport. 

These  results  can  be  applied  to  the  power  eiported  by  Canada  in  the  form 
of  electric  energy  in  order  to  arrive  s';  a  fair  estimate  of  the  coal  equivalent  of 
such  power. 

The  returns  of  the  Department  of  Inland  Revenue  for  the  fiscal  year  1916-1917, 
ending  en  March  Slst  of  the  latter  year,  show  that  187,420  h.p.  years  of  electric 
energy  were  exported  from  Canada.  At  a  rate  of  coal  consumption  of  30  tons 
per  h.p.  year  the  coal  equivalwit  of  this  power  is  5,622,600  tons  or  say  5V^  million 
tons.    The  average  calorific  value  of  the  coal  may  be  taken  as  13,000  B.T.U. 

(ft)  Comparison  with  Estimate  of  M.-  A.  V.  White  of  the  Commission  of 
Conservation. 

Mr.  A.  V.  Whi.  ,  of  vhe  Commission  of  Conservation,  iu  an  article  under 
the  heading  "  Coal  Problem  of  Canada  Demands  National  Action,"  published  in 
^the  Monetary  Times,  on  January  4th  this  year,  in  referring  to  this,  matter  makes 
the  following  statement: — 

"At  the  present  time  the  United  States  is  importing  from  Canada  about 
200,000  h.p.  years  of  electrical  energy.  Many  factors,  of  course,  enter  into  the 
determination  of  the  equivalent  of  this  electrical  power  in  terms  of  anthracite 
coal.  Electri'  power  has  great  advantage  for  many  purposes  over  steam.  Speaking 
in  round  figures,  and  taking  cognizance  of  some  of  these  special  factors,  tiie 
electrical  power  now  imported  by  the  Fnited  States  would  l)e  the  equivalent  of 
probably  not  less  than  3,000,000    ots  of  coal— it  may  be  a  quantity  substantially 

greater."    . 

It  will  be  -note*!  that  Mr  Whit<^  here  refers  to  anthracite  which  has  probably, 
on  the  average,  a  somewhat  higher  calorific  value  than  bituminous  coal,  which 
is  ttie  kind  used  in  the  majority*  of  the  cases  from  which  figures  have  been  compiled 
for  this  report,  and,  further,  Mr.  Whit«  has  specially  drawn  attention  to  the 
fact  that  a  number  of  prominent  factonj  govern  in  making  deductions  such  as 


Inve  beeu  prewntr-d  above  and  iMtes  tiwt  the-  quntity  my  be  atMmtuM^ 
greater  tluto  that  whidi  he  has  set  down. 

^tiere  is  therefore  only  an  apparent  «nd  noi  a  teal  duagnenent  lietween 
tim  ctmcltuion*  of  tiiit  report  and  thOM  of  Mr.  White,  more  eapeeiaUy  a«  the  date 
in  the  form  now  submitted  were  not  available  at  the  time  when  his  paper  «M   ' 
written. 

The  question  of  load  factor,  as  it  affects  these  flgnres,  requires  dealing  witii 
in  pr^er  to  clear  up  any  doubt  regarding  it.  The  rate  of  coal  consumption,  30 
tone  per  h.p.«year,  used  for  the  forgoing  estimate,  is  based,  aa  preTiously  shown, 
oh  a  load  factor  of  30  per  cent.,  this  being  a.  fair  average  figure  for  central  stations 
and  industrial  establishments  combined,  and  it  is  a  fact  that,  as  shown  by  the 
records  accompanying  this  report,  even  in  the  very  largest  steam  driven  stations, 
where  every  effort  is  made  to  increase  the  load  factor  to  the  highest  pomible  figure, 
the  load  factor  does  not  exceed  60  per  cent.,  and  in  the  smaller  stations  it  is 
usually  considerably  less :  the  same  remarks  apply  to  industrial  establishments.  It 
is  true  that  there  are  cases  of  central  stations,  and  factories  also,  having  load 
factors  a  good  deal  higher  than  50  per  cent.,  but  these  are  not  sufficiently  numerous 
to  seriously  affect  the  average  figure. 

The  reason  for  bringing  out  this  point  i.<  that  the  load  factor  of  the  power 
exported  from  Canada  is  known  to  l»e  somewhere  alwut  85  per  cent,  or  more,  and 
a  steam  driven  station  worked  at  such  a  load  factor  would  undoubtedly  operate 
on  a  much  lower  figure  than  30  tons  per  h.p.  year  but  this  is  not  a  correct  basis 
to  work  on  because  it  has  been  definitely  established  that,  on  the  av  -age,  Canadian 
steam  driven  plants,  deriving  their  energy  rom  ooal,  do,  actually,  work  on  a 
30  per  cent,  load  factor,  and,  since  this  represwits  existing  conditions,  it  is  the 
correct  figure  to  use  for  the  purpose  to  which  it  has  been  here  applied. 

ConuMriaon  of  Figures  Deduced  in  this  Report  with  those  Obtained  in  Europe 

In  a  report  of  this  nature  a  comjMirisoii  of  results  on  this  continent  with 
those  obtained  in  Europe  is  interesting.  In  the  Journal  of  the  IntMution  of 
EUctriml  Engineers  (England)  for  January,  1914,  is  a  paper  by  Professor  G. 
KlingenJwrg  on  "  Electricity  Supply  of  firge  Cities,"  in  which  tlie  author  gives 
many  data  regarding  the  power  stations  of  Berlin,  Chicago  and  I>ondon.  Extracts 
from  some  of  the  table?  in  this  paper  are  given  below: — 


Pppulation 

No.  of  Staiioos 

IiivtallMl  cai»city  (K.W.)  

Aroras*  sites  (K.W.) 

Total  Peak  Load (K.W) 

Peak  lioad  per  power  station  ( K.W.>. .........  _ .  ,^  --„ 

K.W.H.  genemted 274.000.000 

IHstribiition  o(  Load  per  cent— 

Lightina 

Power 

Traction 

JjotA  Fsctor  «. 

•  Coal  per  K.W.H.  generated  (lbs.) 

*  E^ciency  of  energy  conversion  %  approx 


Berlin 

Chicago 

Loadw 

1911-12 

1911 

1910-11 

2.600.000 

2.200.000 

6.500,000 

« 

6 

64 

137.000 

221.700 

298,400 

28,000 

37.000 

4,670 

94.600 

iso.aoo 

186,500 

15.800 

31,700 

3.900 

274.000.000 

684.000.000 

405.000.000 

24 

19 

61 

46 

12 

27 

31 

60 

12 

33.1 

41.0 

34.9 

2.6 

3.3 

4.1 

9.8 

7.7 

6.2 

•N.B.— Figures  in  this  row  are  changed  to  refer  to  E^lish  units  instead  of  metric  and  to 
K.W.H.  generated  instead  of  sold,  as  they  sUnd  in  the  original  UM«s.  The  last  row  of  aaures 
has  been  calculated  on  the  basis  of  an  assumed  value  of  18,500  B.T.U.  per  lb. 
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C<iy»p«riMin' of  the  foragoing  UbuUtitni  with  Table  VII  of  thu  rnport  oorro- 
bentw  the  flgure*  of  the  Utter  if  dne  allowance  be  made  for  vaHoas  poeaible 
dtttarbing  elements  uich  aa  calorific  value  of  the  fuel  UMd  (which  i»  lutt  given 
in  Profaeaor  Klingenberg**  paper),  varying  load  factor*,  differiug  equipment  in  tlie 
vanoiui  statioui*  considered,  etc.,  although  the  Berlin  stationi*  xhuw  a  decidedly 
batter  result  than  the  others,  which  the  author  states  is  offset  (tm  far  as  co«t 
is  concerned)  by  the  appreciably  higher  prices  for  coal  in  that  city.  Tliesc  prices 
are:  Berlin  17.41,  Cliicago  approximately  H,  and  I.ondon  appmximatcly  H.H 
shillings  per  ton. 

Sumnuiry 

So  far  ai>  coal  consumption  is  concerned  the  foregoing  may  Ite  I>rii>f1s  summed 
up  as  follows: — 

for  electric  generating  stations,  using  coal  fired  under  >>oilers.  Much  as  arc 
in  actual  oijeration  in  Canada  and  the  Uniteil  States  to-day,  the  average  rates 
of  coal  i-onsumptiim  far  various  sizes  of  statipn*  are  as  shown  liclow: — 

Hate  of  Coal 
Btation  Capacitjr  CoasnmptioD 

K-WT  ToisperH.P.Y. 

Over  100.000 6.25 

60,000  to  100,000 *  6.57 

10.000  to  60.000 B.32 

5,000  ts  10,000 18. ao 

1,<«00  to    5,000 14.00 

Under  1,1100 25.10  aod  hixher 

Now,  although  it  is  true  that,  under  very  favourable  conditions  and  in 
plants  of  the  large:<t  sizes,  the  rate  of  coal  cuii«amptiun  may  lie  as  low  as  6.25 
tons  per  h.p.  year,  it  is  equally  correct  to  state  that,  taking  average  existing 
conditions  for  elet^tric  generating  stations  in  Canada,  the  rate  approximates  to  23 
tona  per  h.p.  year,  and,  for  industrial  plants,  to  33  tons  per  h.p.  year,  while  for 
tbeae  two  kinds  of  plants  combined,  tlie  average  rate  is  not  less  than  30  tons 
per  h.p.  year. 

.      -  APPENDIX  "A" 

There  is  an  intere.stinjr  feature  of  the  Curve  Sheet  No.  lt'(»2(l(!  i>-'''-h  is  wortliy 
of  notice: — 

The  curve  of  coal  consumption  per  h.p.  year  becomes  prai  ,.  acrizontal 
at  a  station  capacity  of  altout  1.50,000  h.p..  sliowing  tliat  witli  pre^^ut  equipment, 
method/)  of  operation,  load  factors,  etc.,  in  the  largo  generating  stations,  the  rate 
of  coal  consumption  cannot  come  IjcIow  alwut  6."i5  tons  iH?r  h.p.  year,  no  matter 
how  large  a  station  may  be.  Since  the  equipment  now  in  use  is  getting  near 
to  the  maximum  possible  efficiency  this  means  that  jirobably  under  no  circumstances 
will  it  lie  [lossible  to  get  liclow,  say  '^.5  tons  per  h.p.  year.  Centralization  on  a 
vast  scale  may  tend  to  reduce  costs  but  cannot  conserve  coal  very  much  as  c-bm- 
pared  with  existing  conditions  in  the  large  stations.  At  the  same  time  it  must 
be  remembered  that  as  the  coal  bill  in  a  central  station  usually  l»rnis  from  40 
per  cent,  to  (iO  per  cent,  of  the  total  costs,  even  comparatively  small  percentage 
savings  on  this  item  count  for  a  good  deal  in  actual  money. 

Another  point  to  be  observed  from  the  curves  is,  that,  comparing  stations 
of  say  50,000  h.p.  and  200,000  h.p.*  capacity  respectively,  it  is  found  that  the 
rates  of  coal  consumption  are  8.6  and  fi.26  tons  per  h.p.  year,  showing  a  saving 
of  approximately  2.")  per  cent,  for  the  Itir^rcr  station;  the  respective  load  factors 


U9,  hemnm,  MJ  per  MBt  nd  *U  fm  cnt  rMpwtbdj,  taA  tten  k  ■•  AmM 


that  if  Hm 


•tbtkau  wm  oywitd  tt  th* 


load  faetor  ai  tlMikaMrtMd 


^  flu  iam  ilatioB  tt-  dUtowMt  m  tha  ntm  of  coat  cooMnqptiaB  «nU  ka 
mamii  nmmt  than  that  giwa  abotw  (auMiaf  other  diatvbiiif  faelofa  MMk  aa  tha 
■■a  of  poor  eoal),  and  eaphaaiaM  tho  fact  that  the  very  large  etatkua  do  aot 
tend  tb  Make  verj  big  Tcdtutiou  in  rate*  of  coal  conramption  aa  oompaiad  with 
tbaae  of  mno  moderate  tise. 

It  ie  erident  from  tbeee  oooaidefatioaa  that  coal  can  be  better  ceaeaitod  by 
a^Mod^  increaaing  the  load  facton  of  exiating  etatiou  of  moderate  aiaa  (arosnd 
80,000  k.w.  capadtT)  than  by  bnilding  huge  ■tatione  having  only  dij^tly  higher 
load  faeto-.v  flian  ithoee  of  the  anallcr  aiaea. 

Thi  ii  clearly  indi  ated  by  Cnnre  Sheet  Na  180«ie,  accompanying  this 
Appendix,  which  ihowi  >ji«  rate  of  coal  conaomption  in  Tariona  aiaea  of  j^ta 
at  difbnnt  kad  factora.  The  rate  of  ooal  eoiiBumpuon  at  a  givan  load  factor 
aa  the  planta  become  larger,  is  rednced  bat  at  a  rapidly  decreaaing  rate,  and, 
though  the  tame  ia  tme  of  the  rate  at  different  load  facton  for  the  aama  plant, 
it  ie  not  in  so  great  a  degree. 

TV  tablea  and  other  data  incorporated  here,  together  with  the  flgorea  deduced 
therefrom  will  no  donbt  be  of  nae  in  other  direction*  than  the  one  in  whidi  they 
have  been  applied  iif  thia  report. 

Figures  have  been  mostly  worked  out  by  slide  rule  and  all  references  to 
"tons"  mean  "short"  tons  of  8,000  poonda  each. 

Beferring  to  tables  VII  and  VIII,  it  will  be  noted  'that  the  arerage  load 
facton,  rates  of  coal  consumption  and  other  items  which  are  derived  from  the 
flgores  girm  in  the  fiwt  fonr  colnmns  of  flgnres,  do  not  check  properly  if  cal- 
culated directly  f ronj  the  figures  in  these  first  four  colnmns. 

The  reason  for  this  is  that,  ae  may  be  seen  by  referring  to  Tables  I  to  VI, 
the  arerages  of  each  item  have  been  deduced  by  adding  together  the  figures  in 
the  various  columns  and  dividing  by  the  number  of  sets  of  figures  in  each  column. 

For  example,  take  the  averages  of  all  classes, '  \"  to  "F"  in  TabU  VIII, 
the  figures  in  tiie  columns  of  load  factor,  rates  of  coal  consumption,  etc.,  are 
averaged  as  indicated  above. 

Different  results  would  have  been  obtained,  say,  for  tons  of  coal  per  k.w. 
year,  if  the  average  tons  per  class,  had  been  added  together  and  divided  by  the 
sum  -of  the  average  kilowatt  years  per  da'  -the  figure  thus  obtained  would  have 
been  lower  than  that  shown  on  account  of  the  preponderating  influence  of  the 
large  number  of  k.w.  hours  for  the  larger  stations. 

By  using  the  method  of  calculation  which  has  actually  been  adopted  this 
preponderatirg  influence  is  removed  and  the  averages  approximate  those  which 
would  be  obv.:ined  were  the  aggregate  capacities  and  outputu  of  the  stations  in 
each  class  equal. 

For  the  purposes  of  this  report  this  method  is  the  better. 


APPENDIX  "B" 

The  Coal  Conservation  Sub-committee  of  tho  Re-construction  Committee 
of  Great  Britain  presented  to.  Parliament  on  April  ITth,  1917,  an  Interim  Beport 
on  "  Electric  Power  Supply  in  Great  Britain,"  of  which  the  following  extracts 
contain  ^ints  of  interest  in  connection  with  this  report. 

"The  coal  consumption  involved  in  the  production  of  motive  power  in  the 
Fnited  Kingdom  amounts  at  the  present  time  to  80,000,000  tons  per  annum" 


{mjMjno  riMTt  IBM)  "tqainknt  in  vttae  to  My  £10,000,000  at  pit  bMd" 
(•tJt  fttt  Ami  ton). 

''If  po««r  MipplT  ia  Urn  United  Kiafdom  wm  dMlt  with  on  coaprriMMin 
liB«  Mi  narutif*  takm  of  tiM  owrt  Mcdmi  engineering  derelopant,  tiie 
MviBi  is  00*1  tbroofhoat  the  onutry  wovld  in  the  netr  fatort,  UMiant  to 
KfiQOfiOO  tool  per  uuinm "  (61,600,000  short  tons)  "  on  the  prsMnt  oatpnt  of 
autnnfMtared  prodocte." 

"Tkkinf  the  ralue  of  this  cod  for  export  parpowa  et  10s.  per  ten"  (9SJ8 
per  Aon  ion),  "the  nationel  uuin«l  edvutage  of  the  change,  aTsikttle  for 
intmet  on  ctpitd,  ia,  tay,  £27,600,000"  ($187,500,000)  "  in  coal  alone.  Altem- 
atdy  if  thia  68,000,000  tona  of  coal  were  uaed  for  exteuded  and  new  indnatrial 
pftoaiaea.  some  16  million  hone-power  continnoaaly  throughont  the  year  would 
be  STtilable  for  the  porpooe." 

"Thia  aaring  of  £97,600,000  per  annum  takes  no  account  of  th«  following 
additioial  and  important  adTantagea  which  would  directly  result  from  the  establish- 
ment of  an  dRcient  electric  power  supply  system  throughout  the  oonutry : — 

"  1.  A  reduction  in  the  cost  of  transport  in  carrying  coal. 

"  S.  A  possible  saving  in  coal  consumption  for  dometitic  purpones,  (the  con- 
sumption for  which  purpose  is  now  probably  36  million  \om  (39  million  short 
tons)  per  annum. 

"8.  The  reduction  in  the  cost  of  coal  handling  involved  in  house-to-house 
delivery  and  general  coal  distribution. 

"4.  The  great  advantages  and  economics  which  would  result  from  the  more 
extended  use  of  electricity  in  the  household  for  heating,  cooking  and  cleaning 
pnrpoaea  in  the  way  of  IpKmr  saving  devices,  reduction  of  emdce,  increased 
cleanliness,  eto. 

"6.  The  poflsibility,  referred  to  in  paragraph  80  (3),  of  utilising  the  coal 
at  present  left  in  the  pits  or  otherwise  wasted. 

"  6.  The  possibility  of  extracting  by-products,  etc.,  before  cjusuming  the  coal- 
for  power  purposes. 

"  7.  The  increase  in  railway  electrification  with  its  attendant  advantages  which 
a  comprehensive  electric  supply  system  would  render  commercially  possible  and 
profitable. 

"  All  these  savings  and  advantages  taken  together  show  a  total  possible  national 
advantlge  which  can  hardl>  be  put  at  less  than  £100,000,000  per  annum,  apart 
from  the  manufacturing  and  industrial  advantages  of  a  cheap  and  efScient  electric 
power  sspply." 

"Power  may  be  most  efficiently  applied  to  industry  by  ♦he  medium  of 
electricity." 

*  The  average  coal  consumption  per  horse-power-hour  throughont  the  country 
has  beoi  halved  during  thejast  25  yewrs.  In  spite  of  this  the  total  amount  used 
has  increased.  But  the  present  coal  consumption  would  if  used  economically, 
produce  at  least  three  times  the  presoit  amount  of  power." 

"The  question  which  has  been  settled  conclusively  during  the  past  15  years 
is  that  the  most  economical  means  of  applying  power  to  industry  is  the  electric 
motor,  whidi,  on  account  of  its  high  efficiency,  has  ruled  out  all  rivals  so  far 
as  the  workshop  itseh  •  concerned.  In  the  factories  put  down  for  the  production 
of  m^initions  durinf  \  «  war,  93  per  cent,  of  the  machinery  is  driven  by  means 
of  electricity,  and  i  s  only  a  question  of  time  for  all  power  to  be  applied  in 
this  way." 


1ft 

* 

The  foregoing  extracts  have  been  made  to  emphasixe  the  \ieir»  of  txus'  Britiah 
Committee  on  two  points  specially: — 

1.  Tfaie  enormous  waste  of  coal,  which  takes  place  when  it  it  biimed  in  small 
isolated  plants  instead  of  in  large  central  stations. 

2.  The  great  advantages  resulting  from  the  nse  ol  electric  energy  in  indua- 
tries,  in  the  home  and  for  transportation  purposes. 
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APPENDIX  "C" 

The  Presidential  address  at  the  A.  I.  E.  E.  convention  held  in  New  York, 
on  Feb.  16th,  1918,  by  E.  W.  Rice,  Jr.,  was  on  "Railway  Electrification  as  a 
Means  of  Saving  Fuel  and  Relieving  Freight  Congestion." 

The  salient  points  of  this  addresti  were: — 

"  Where  electricity  has  been  substituted  for  steam  in  the  operation  of  rail- 
roads, fully  50  per  cent,  increase  in  available  capacity  of  existing  tracks  and 
other  facilities  has  been  demonstrated. 

"  This  :  creased  capacity  has  been  due  to  a  variety  of  causes,  but  largely 
to  the  increased  reliability  and  capacity,  under  all  conditions  of  service,  of  electric 
locomotives^  thus  permitting  a  speeding  of  train  schedules  by  some  25  per  cent, 
under  average  conditions.  Of  course,  under  the  paralyzing  conditions  which 
prevail  in  extremely  cold  weather  when  the  steam  locomotives  practically  go  out  of 
business,  the  electric  locomotives  make  an  even  better  allowing." 

"  It  is  estimated  that  somethi  )^  like  150,000,000  tons  of  coal  were  consumed 
by  the  railroads  in  the  year  1917.  Now  we  know  from  the  results  obtained  from 
such  electrical  operation  of  railroads  a<  we  already  have  in  this  country  that  it 
would  be  possible  to  save  at  least  two-thirds  of  this  coal  if  electric  locomotives 
were  substituted  for  the  present  steam  locomotives.  On  this  basis  there  would  be  a 
saving  of  over  100,000,000  tons  of  coal  in  one  year." 

".  .  .  .  the  useful  or  revenue  carrying  capacity  of  our  steam  roads  could  be 
increased  about  10  per  cent.,  with '  existing  track  facilities,  by  eliminating  the 
entire  company  coal  movement." 

"  I  have  not  mentioned  the  consumption  of  oil  by  the  railroads  which,  we 
are  told,  amounted  in  1915  to  something  like  40,000,000  barrels." 

"  It  is  estimated  tiiat  there  is  not  less  than  25,000,000  h.p.  of  water  plower 
available  in  the  United  States,  and  if  this  were  developed  and  could  be  u^d  in 
driving  railroads,  each  horse-power  so  used  would  save  at  least  6  pounds  of  coal 
per  horse-power-hour  now  burned  under  the  boilers  of  our  steam  locomotives.  It 
is  really  terrifying  to  realize  *hat  25  per  cent,  of  the  total  amount  of  coal  which 
we  are  digging  from  the  ea  each  year  is  burned  to  operate  our  railroads  under 
such  inefficient  conditions  that  an  average  of  at  least  six  pounds  of  coal  is  required 
per  horse-power-hour  of  work  performed. 

"  The  same  amount  of  coal  burned  in  a  modem  central  jMjwer  station  would 
produce  an  equivalent  of  three  times  that  amount  of  power  in  the  motors  of  an 
electric  locomotive  even  including  all  the  losses  of  generation  and  transmission 
from  the  source  of  power  to  the  locomotive. 

"  Where  water  power  may  be  utilized — all  of  the  coal  used  for  oteam  locomotives 
can  be  save?." 

Comment  on  the  foregoing  seems  unnecessary  since  incontrovertible  facts 
are  given. 
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Capacity 

Maximal  wi 
Load 

KWHAHPH 
Genented 

KWY  and 

HPY 
Generated 

I 

A 

B 

C 

KW 
HP 

KW 
HP 

KW 

HP 

660 
870 

2,980 
4,000 

7.280 

9,700 

426 
670 

1,670 
2,100 

3,820 
5.100 

1,128.820 
1,600,000 

4,708,600 
6,300,000 

10,422,000 
14.000.000 

128 
172 

688 

720 

1,190 
1.600 

... 

2  Eoffinaa,  2 

Turbine  • 
Tnrbinea  .. 

Enctnea  and 
Tnrbinea 
Tnrbinea .. 

Encinea  and 
TarUnea 
Turbinea .. 

Bntinea  and 

Torbinea 
Turbinea . . 

Enfinea  and 
Tnrbinea 

Enginea  and 
Turbinea 

Engines  and 
Tnrbinea 

'furUnea>. . 


1  Engine  N.C 
C 

C 

C 

>.  C 

c 
c 
c 

N.C 
C 
C 
C 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


Bituminoa* . 

Bitnminona . 

? 

Soreeninga 

Ekreeninca 

Not  and  Slack.. 

Jenner  and  New 

Rirer 
Anthracite 


Alalxima  ... 
Pooahontas . 
? 

S.  Illinois  ., 
Alabama  .. 

W.  Va 

Penn 


Lignite. 


Bitnminona  Slack  South  Colorado 


Bitnminooa . . . 
Slack  A  Mine  Bun 


Western  Canada 


AlberU  . 
Colorado 


12,000 
14,600 
14,500 
10,000 
.000 
14,250 
14,000 
11,000 

9,570 
11,000 
12.760 

9.200 


4  veniB  obIT" 
,  1  year  only  . . 
.  1  year  only  .. 


|4  yawa  ob]7"> 


Paralleled  witli  another;4  yaura  only,. 

plant  part  time            ! 
Old  Plant  in  nae  1912-14.1 

New  Plant  ainoe  ! 


48.6 
80.9 
32.1 
30.7 
38.6 
24.2 
36.0 
17.2 
88.4 
84.4 
29.0 
26.6 


880.6 


31.7 


3.75 
1.80 
2.16 
2.09 
2.78 
2.10 
2.22 
4.46 
3.28 
3.54 
2.76 
4.06 


36.44 


3.04 


16.45 

7.91 

9.47 

11.80 

12.40 

9.23 

9.74 

19.68 

14.17 

15.50 

12.12 

21.80 


160.17 


18.50 


Source  of  in 

known. 
Note— Poor 


Note— Poor 
denaing  FlJ 


TABLE  IV 

91  to  50,000  K.W.  Capacity.    N.B.— Tons.  2,000  lbs. 
9  10  11  12  18 


Kind  of 

Prime 

Morera 


Condensing 

or 
Non-Cond. 


Turbinea  . 
Turbines  . 
Tnrbinea  . 
Turbines  . 
Turbinea  . 
Turbines  . 

Engines  and 
Turbines 

Enginea  and 
Turbine 


C 
C 
C 
C 
C 
C 
C 
C 


Operation 
Daily 
Hours 


24 
24 
24 
24 
24 
24 
24 
24 


Bitnminoua . 


Grade 

of 

Coal 


'ield 


Coal 


Penn . 


Screenings.. 
Bituminous'. 
Bituminona>. 


Bituminous 

Nut  and  Slack 

Bitnminona 

Nut  and  Slack 
Nut.  Pea,  Slack 
and  Mine  Bun 


New   Biver    and 

Penn. 
Indiana  

Penn 

W.  Va.  and  Ohio. 

New  Biver  and 
Pocahontas 

New  Birer  and 
Pocahontas 

Ohio  and  W.  Va. 


Poor  Coal 


TABLX  V 
tatkma  S0.001  to  100.000  K.W.  Capacity 


iTnrbinea  . . 


24 


Bituminous. 


TABLE  VI 
-Stttions  o  er  100.000  K.W.  Capacity 


N«wBirer,W.Va.i       14,000 


Turbinea . . . 


24 


Mine  Bun. 


W.Va.,  E.  Ky..  0.1 


13,500 


Combiued  figures 
I    for  2  stations. I 


36.9 


1.60 


6.57 


44.7 


1.43 


6.26 


Table  VII 
UMPTION    OP    CENTRAL  STATIONS 

Average  Figures  (By  Slide  Bula) 


VY  and 

% 

Load 

Factor 

liba.  per 
KWU 
ft  HPH 

Tons  per 

KWY  & 

HPY 

Coal 

Osnaumption 

Tona  per  year 

(2.000  lbs) 

HPY 
merated 

Btu  per 

KWHand 

HPH 

Btu  per 
lb. 

128 
172 

638 

720 

1,190 
1.600 

29.8 
34.2 
31.7 

7.65 
6.70 

4.30 
8.20 

4.07 
3.04 

34.60 
25.00 

19.00 
14.00 

17.80 
13.30 

96,600 
71,400 

66,600 
41,800 

48,600 
36.200 

12,500 

3,930 

12.900 

9,280 

11,900 

20.200 

KWH  and 

HPH  per 

100.000 

Btu. 

Eff. 

% 

1.04 
1.40 

3.5 

1.80 
2.40 

6.2 

2.06 
2.76 

7.0 

ns 

Genenl  Beimriu 

.\T.  Ann. 
Loed  Fwtor 

* 

Lbs. 

per  H.P. 

Hour 

T3DS 

perU.P. 
Yew 

Banuurks 

«.« 
80.9 
88.1 
80.7 
88.S 
24.2 
86.0 
17.2 
88.4 
84.4 
29.0 
26.6 

8.76 
1.80 
2.16 
2.00 
2.78 
2.10 
2.22 
4.46 
3.28 
3.64 
2.76 
4.96 

16.46 

7.91 

9.47 

ll.» 

12.40 

9.28 

9.74 

19.68 

14.17 

16.80 

12.12 

21.80 

■ 

Swum  of  iaformattn  u- 

.... 

4  yean  oaly.... 
1  yetr  aalr  .... 

kUVWB. 

Rate— FMr  eoaL 

tther 
2-14 

4  7eara  only.... 

Note— Poor  oobL     No  0«»- 
densinc  Plant 

• 

880.6 

86.44 

160.17 

. 

81.7 

3.04 

18.60 

16 


Goal 


>ns 

SeneralBeBMiks 

At.  Ann. 
Load  FMtir 

% 

Lba. 

per  H.P. 

Hour 

Ttea 

perHJ>. 

Tear 

BemariB 

23.2 
28.3 
46.7 
87.0 
46.1 
44.1 
19.7 
44.0 

2.38 
1.06 
3.07 
1.71 
1.72 
2.10 
2.27 
2.48 

10.42 
7.26 

13.46 
7.60 
7.86 
9.20 
9.^ 

10.87 

Poor  Coal 

8  yean  only  — 

Ira 

3  rears  oaly  — 

287.1 

17.89 

76.a 

86.0 

2.17 

9.62 

' 

36.9 


1.80 


6.67 


Combined  figures 
for  2  8U(ums.l 


44.7 


1.48 


6.26 


"■"  .... 

• 

M,IN 

.     --- 

3W.«t»,7M 

an.4a» 

M* 

t 

n 

M* 

ak 

lflluil*llMh.TuU>M 

•     t      "^^ 

CImh''P'*— Statkn 

m       •    •• •• 

4 

M».Ma 

n.im 

aM.au.044 

S4I.HS 

Tw 

Tm 

Tm 

iW 

MMh 

MMh TuWbm 

• 

COAL  OQNSUMPTK 

A 

AT0IWS 

OiMa 

StfttkB 

Loud 

KWH*HFH 
Gowistad 

KWY  Mid 

HPY 
0«n«ntod  1 

KW 
HP 

«70 

4a5 

170 

i.ua.aao 

1.800.000 

138 

172   . 

B 

KW 
HP 

2.980 
4.000 

1.S70 
2.100 

4,708.000 

o.aoo.ooo 

688 

730   . 

0 

KW      T.aao 

HP  ;      ».7W 

s.8ao 

8.100 

10,432.000 
14.000.000 

1.100 
1.600   . 

D 

KW 
HP 

34,000 
38.000 

10.700 
14.400 

88.800.000 
44.000,000 

8.830 
6.120   . 

K 

KW 
HP 

08.000 

las.aoo 

03.000 
88.000 

300.079.750 
370.000.000 

28.060 
81.060   . 

I 

KW 

h:p 

140.000 
190.600 

92.000 
138.200 

800,318.000 
488.000.000 

41.000 
56.000   . 

* 

ft 

AVERAGES 

A*B... 

KW 
HP 

i.aao 

a.  440 

1,000 
1.840 

3.018.700 
8.900,000 

880 
440 

AtoC... 

KW 
HP 

a.eao 

4.880 

1.940 
2.O0O 

8.418.600 
7.370,000 

030 
880 

AtoD... 

KW 
HP 

8,870 
11.800 

4,110 
8,840 

13,487,800 
10,076.800 

1.430 
1.000 

AtoF... 

•                                                                                                                 1 

KW 
HP 

40.740 
01.080 

28.440 
88.080 

101.n4,600 
187,700,000 

11,720 

i8,no 

.Jtumm. 


Bitaaiaaw NawSlvn.W.Va.        14.000 


86.9 


1.50 


6.57 


TABUI  VI 
— Statlom  ovwr  100.000  K.W.  C^Mcity 


JruUiMa. 


mm] 


W.VtL»K.Kj.,0. 


18.500 


Ooabined  Iguw 
for  2  aUtloM. 


44.7 


1.48 


6.26 


TABLX  VII 
lUMPnON    OP    CENTRAL  STATKMUS 

ATerage  ncuns  (Bjr  Slkle  Snto) 


tablk  vm 
lVehaoes  of  groups  of  classes 


880 
440 

81.8 

620 
880 

81.7 

1.410 
1.900 

82.8 

11.720 

u.no 

85.6 

6.97 
4.41' 

6.84 
8.98 

4.78 
8.58 

8.81 
2.84 


15.48 

16.90 
12.46 


75.560 
66.850 

66,640 
49,680 

60.800 
44.000 

48.880 
86.620 


12.800 
12.260 
13.100 
18.600 


6.680 

11.120 

20.860 

104.740 


:wy  ud 

ft 

Load 

Fketor 

_i 

Oba.  pa 
JtWH 
ftHPH 

Tsaapur 

KWYA 

HPT 

ona 

Oonsumption 

Toniperyeu 

(2.000  lb.) 

KWH  «»1 

HPH  par 

100.000 

Bto. 

mr. 

HPY 

kncntad 

Btn  p« 

EWHmmI 

HPH 

Btn  per 
lb. 

ft 

128 

172 

588 

780 

1.100 
1.600 

8.820 
5.120 

28.650 
81.660 

41.000 
56.000 

29.8 

84.2 

81.7 
86.0 
86.9 
44.7 

7.66 
6.70 

4.80 
8.20 

4.07 
-   8.04 

2.90 
2.17 

2.00 
1.60 

1.92 
1.48 

84.60 
25.00 

19.00 
14.00 

17.8P 
18.80 

12.76 
9.50 

8.80 
6.67 

8.40 
6.26 

05.600 
71.400 

66.500 
41,800 

48.500 
86,200 

89,600 
29,600 

28.000 

21.000 

26.900 
19.800 

12,600 

8.980 

1.04 
1.40 

1.80 
2.40 

2.06 
2.76 

2.50 
8.40 

8.57 
<  76 

8.86 
6.18 

8.6 

12,900 

9.280 

6.2 

11,900 

20.200 

7.0 

13.600 

48.000 

8.6 

14.030 

201.420 

12.1 

18.500 

346.680 

18.1 

• 

_- 

1.86 

i.n 

1.50  I 
2.01 

1.67 
2.26 

2.04 
2.78 


4.8 


5.6 


6.8 


8.4 


S 
^ 


».» 


1.M 


:m 


.Wioimblmitnim 
I    far JsUttoM. 


44.7 


1.4S 


%.» 


Mi 


